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In animals, baroreflex sensitivity is inversely related to the variability were 20.94, indicating that these measures are 
likelihood of ventricular fibrillation during myocardial so strongly correlated that any one of them can be used to 
ischemia. After myocardial infarction in human patients, represent the others. Barorefiex sensitivity showed weaker 
reduced barorefiex sensitivity is associated with increased correlations with the three Holter variables (0.57 to 0.63), 
mortality. A reduced standard deviation of normal RR indicating that the Halter measures did not accurately 
intervals over a 24 h period is also associated with reduced predict baroreflex sensitivity. Baroreflex sensitivity showed 
survival after myocardial infarction. Therefore, 32 nor- a stronger correlation with the three Halter variables 
motensive men who had survived their first myocardial during the night than during the day. Barorefiex sensitivity 
infarction were studied to define the relation between and tonic vagal activity reflected by Holter variables were 
baroreflex sensitivity assessed with pbenylephrine injection reduced more in patients with inferior myocardial infarc- 
and three Halter electrocardiographic measures of tonic tion than in those with anterior infarction. The relative 
vagal activity: the percent of successive normal RR inter- utility of baroreflex sensitivity and Halter measures of tonic 
vals SO ms, the root mean square successive difference of vagal activity in predicting sudden cardiac death after 
normal RR intervals and the power in the high frequency myocardial infarction needs to be evaluated in a large 
energy of the normal RR interval power spectrum. prospective study. 
Correlations among the Halter measures of heart period (J Am Co11 Cardiol1989;14:1511-8) 
Despite considerable progress (l-3), the identification of 
individuals at high risk after a myocardial infarction remains 
a difficult problem that requires further refinement. Although 
it has been clearly shown (4-7) in animal models that the 
autonomic nervous system has an important role in trigger- 
ing lethal arrhythmias, only recently has it been suggested 
(8), on the basis of experimental results in animals, that the 
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study of the autonomic control of the heart also might 
provide information useful for a more accurate risk stratifi- 
cation of patients after myocardial infarction. Two clinical 
studies (9,lO) have substantiated this possibility. 
In the first study (9), some of us reported that patients 
with low heart period variability (that is, the standard 
deviation of normal RR intervals) measured 2 weeks after 
myocardial infarction had a significantly higher mortality 
rate compared with patients with high heart period variabil- 
ity, adjusting for left ventricular dysfunction and ventricular 
arrhythmias. Subsequently, it was shown (11) that patients 
with decreased heart period variability also have low values 
for the percent of successive RR differences >50 ms and for 
the root mean square successive difference, two noninvasive 
indicators of parasympathetic activity. In the second study 
(IO), the rest of us reported that the mortality rate after 
myocardial infarction was significantly higher among pa- 
tients with depressed baroreflex sensitivity, a marker of 
reduced responsiveness to vagal reflexes. This latter study 
confirmed in humans previous experimental work (12-14) 
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indicating that the occurrence of ventricular fibrillation dur- 
ing an acute ischemic episode in dogs with a healed myocar- 
dial infarct could be predicted by the presence of depressed 
baroreflex sensitivity. The concept emerging from these 
studies is that after myocardial infarction, the presence of an 
autonomic imbalance characterized by an absolute or rela- 
tive decrease in parasympathetic activity may be used as a 
marker for augmented risk for subsequent cardiovascular 
death, particularly sudden cardiac death. 
These results and the need to define a rational strategy for 
clinical evaluation made it logical and necessary to compare 
baroreflex sensitivity assessed by the phenylephrine method 
(15) and heart period variability. 
In the present study, two competing hypotheses were 
tested. The primary hypothesis was that reduced heart 
period variability predicts reduced baroreflex sensitivity. If 
true, this would imply that the information contained in the 
24 h electrocardiographic (ECG) Holter recording predicts 
the response of the parasympathetic nervous system to a 
sudden change in blood pressure. If so, testing baroreflex 
sensitivity with phenylephrine would add little or nothing to 
the noninvasive assessment using 24 h Holter recordings; its 
utility would then depend primarily on feasibility and cost. 
The alternate hypothesis was that reduced heart period 
variability does not predict reduced baroreflex sensitivity. If 
true, this would imply that heart period variability through- 
out the day (and night) reflects primarily tonic vagal activity, 
whereas baroreflex sensitivity reflects the response of the 
autonomic nervous system to barostress. Under the second 
hypothesis, the two methods would explore different aspects 
of the autonomic control of the heart and would provide 
complementary information. To evaluate these and addi- 
tional subsidiary hypotheses, we studied a random sample of 
32 patients from a group of 83 evaluated for baroreflex 
sensitivity at the Montescano cardiac rehabilitation center. 
Twenty-four hour ECG recordings from the 32 patients were 
analyzed for heart period variability at Columbia University, 
and the results were evaluated for the significance and 
strength of correlation with baroreflex sensitivity. Prelimi- 
nary results have been presented elsewhere (16). 
Methods 
Study subjects. Thirty-two patients were studied in the 
Montescano cardiac rehabilitation center after their first 
myocardial infarction. This protocol was approved by the 
institutional committee on human research on October 15, 
1984. To be eligible, patients had to have had only one 
myocardial infarction, be male and ~66 years of age on the 
day the myocardial infarction occurred. Myocardial infarc- 
tion was diagnosed by the presence of typical chest pain 
associated with ECG changes and elevation of serum creat- 
ine kinase. These patients were a stratified random sample 
from a larger group of 83 patients studied in the Montescano 
cardiac rehabilitation center for baroreflex sensitivity, 78 of 
whom formed the basis of a previous report (11). Patients 
were excluded if they had had more than one myocardial 
infarction or if they developed unstable angina pectoris or 
heart failure after the index infarction, but before the phen- 
ylephrine study. Patients with hypertension (arterial blood 
pressure >160/90 mm Hg), diabetes mellitus, atria1 fibrilla- 
tion or coexisting valvular disease and those who were 
unable to perform a maximal symptom-limited exercise 
stress test on no drugs 1 month after the index infarction also 
were excluded from the study. Eighteen patients were stud- 
ied within 2 months after infarction and the remaining 14 
patients were studied rl year after infarction. 
To ensure that the entire distribution of baroreflex slopes 
was represented in our study sample, we drew a stratified 
random sample of 32 from the 83 patients in the larger group. 
One-fourth of the study sample was randomly selected from 
the lowest quarter of the entire group (baroreflex slope ~4.3 
mslmm Hg), one-fourth from the highest quarter (baroreflex 
slope ~10.3 ms/mm Hg) and one-half from the middle two 
quarters. 
Study protocol. All patients had baroreflex sensitivity 
assessed by the phenylephrine method and had a 24 h ECG 
recording; the two studies were separated by no more than 1 
day. Drugs were withdrawn for four half-times before stud- 
ies were performed. All patients were carefully instructed 
about the study, and all gave written informed consent. 
Baroreflex sensitivity was assessed by injecting phenyleph- 
tine, as previously described (11). In brief, both the brachial 
artery and an antecubital vein were cannulated (Abbocath-T 
22G) for blood pressure recording (Hewlett-Packard 1290 A 
Quartz transducer) and for phenylephrine (Neo-Synephrine, 
Winthrop Laboratories) administration, respectively. Heart 
rate and blood pressure were continuously displayed on an 
oscilloscope and, after analog to digital conversion (sampling 
rate 200 Hz, 12 bit resolution), were fed into a Hewlett- 
Packard 1000 computer system and stored for subsequent 
analysis. 
After a 30 min rest period, patients received a test bolus 
injection of phenylephrine (2 &kg) to evaluate the magni- 
tude of the resulting increase in systolic blood pressure. If 
blood pressure increased by 15 to 40 mm Hg, phenylephrine 
injection was repeated at least twice at intervals of 2 10 min. 
If blood pressure increased by <IS mm Hg after the first 
injection, an adequate dose was found by adding 25 ,ug per 
bolus to a maximum of 3.5 CLg/kg, and the dosage found by 
this procedure was repeated at least twice, as described 
previously. Beat by beat changes in baseline systolic blood 
pressure (mm Hg) and in the lengths of the normal RR 
intervals (ms) were calculated off line from the digital 
records. Each RR interval was plotted against the preceding 
arterial pressure pulse, and linear regression analysis was 
performed for all data included between the point when 
systolic arterial pressure began to increase and the point 
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when it ceased to increase. Only regression lines having a 
significant (p < 0.05) correlation coefficient were accepted 
for analysis. A final slope (ms/mm Hg) was obtained by 
calculating the mean value of three or more determinations. 
Analysis of the 24 h ECG recordings. All of the Holter 
ECG tapes in the sample were analyzed using the Marquette 
8500 scanner running version 5.5 of the Marquette arrhyth- 
mia analysis program to identify and label each QRS com- 
plex. After the computer had automatically detected and 
labeled each QRS complex, the data file was reviewed and 
edited by a technician. A frequency histogram of the normal 
RR intervals was displayed, and the ECGs of the intervals in 
both tails of the normal RR distribution were reviewed by a 
technician. In addition, the 20 longest and 20 shortest normal 
RR intervals were reviewed by a physician to make sure that 
these intervals were selected and measured correctly. An 
ECG strip showing the largest difference in successive 
normal RR intervals was reviewed by a cardiologist to be 
sure that no arrhythmia was present. After this editing 
process, the labeled QRS data was moved by means of a high 
speed interface to a Sun 3/160 Microcomputer where the 
data were analyzed by a computer program that computed 
the average normal RR interval for all the normal cycles, the 
standard deviation around this average and other summary 
measures of heart rate variability (9,lO). 
Analysis of successive normal RR intervals. Differences 
between successive normal RR intervals provide an index of 
parasympathetic nervous activity (17-21). We computed the 
absolute value of each individual difference between adja- 
cent normal RR intervals and summarized the differences by 
the percent exceeding 50 ms for the daytime (07:30 to 21:30), 
the nighttime (0O:OO to 05:OO) and the entire 24 h. Also, for 
each time period, the root mean square successive differ- 
ence, a measure of variability appropriate for time series, 
was calculated on the normal RR intervals using the formula 
of von Neumann et al. (22). 
Power spectral analysis of normal RR intervals. We com- 
puted heart period power spectra on each 5 min segment of 
the 24 h Holter ECG recordings. Segments were excluded if 
they contained :>3 s (consecutively) of noise or more than 
two consecutive atria1 or ventricular premature complexes. 
Annotation data from the Holter system allowed the exclu- 
sion of atria1 and ventricular premature complexes from the 
analysis. All remaining 5 min segments were submitted to 
subroutines that computed the power spectra of the normal 
RR intervals. The methods used for spectral analysis have 
been described previously (23,24). A continuous normal RR 
interval function was derived from the normal RR intervals 
determined by the Marquette system by filtering and sam- 
pling at 4 Hz. The normal RR interval rather than instanta- 
neous heart rate was used to correspond more closely to the 
remainder of the measures in this study. Bartlett’s procedure 
was used to average fast Fourier transforms of sequential 
windowed segments of the normal RR interval function (25). 
The 5 min spectra were averaged for the three time 
periods: daytime, nighttime and the entire 24 h. Power 
spectra were quantified by the area (power) in two frequency 
bandwidths: 0.04 to 0.15 Hz (low frequency power) and 0.15 
to 0.40 Hz (high frequency power). The high frequency 
power, which reflects vagal activity, was compared with 
baroreflex sensitivity and the time domain measures of vagal 
activity. The ratio of low frequency power to high frequency 
power, which has been hypothesized (26) to indicate vago- 
sympathetic balance, also was analyzed. 
Statistical methods. The major statistical tool employed 
in this study is Pearson’s product-moment correlation coef- 
ficient, a measure of how closely two variables are linearly 
related (27). Correlation coefficients were tested for statisti- 
cal significance by means of t tests. Two correlation coeffi- 
cients from the same sample (for example, a correlation 
coefficient between baroreflex sensitivity and the root mean 
square successive difference measured at night versus such a 
correlation measured during the day) were compared using a 
test procedure described by Kleinbaum et al. (28). Multiple 
regression analysis was used to remove the effects of possi- 
ble confounding variables (age, site of infarction, systolic 
blood pressure and heart rate) on correlations between 
baroreflex sensitivity and measures of variability derived 
from the 24 h ECG (27). 
The sample size of 32 patients provides adequate power 
for testing the statistical significance of a single correlation 
coefficient: the power of the test is ~80% if the value of the 
underlying correlation coefficient is ~0.48 (29). Tests for 
differences between two correlation coefficients have rela- 
tively low power. The failure to find that two correlation 
coefficients differ significantly from each other in a sample of 
32 does not indicate the absence of an important biologic 
difference between the underlying coefficients. 
Specific hypotheses. We postulated that: I) strong corre- 
lations will exist among the percent of successive normal RR 
intervals >50 ms, the root mean square successive differ- 
ence and the power in the high frequency band of the normal 
RR interval power spectrum; 2) baroreflex sensitivity will 
correlate positively and strongly with each of the time and 
frequency domain measures of tonic vagal activity; 3) the 
nighttime (0O:OO to 05:OO) values for root mean square 
successive difference, percent of successive normal RR 
intervals >50 ms and power in the high frequency band of 
the normal RR interval power spectrum will correlate better 
with baroreflex sensitivity than the daytime values (07:30 to 
21:30) because vagal activity is greater at night; and 4) 
baroreflex sensitivity, percent of successive normal RR 
intervals >50 ms, root mean square successive difference 
and power in the high frequency band of the normal RR 
interval power spectrum all will be greater in patients with 
inferior myocardial infarction than in those with anterior 
infarction. 
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Table 1. Comparison of Clinical and Laboratory Characteristics of 
the 32 Study Patients With the Remainder of the Group 
(not studied) 
Study 
Patients Remainder 
Characteristic (n = 32) (n = 51) 
Average age (yr) 52 t 10 51 kl 
% with anterior infarction 40 55 
Average rest heart rate (beats/min) 762 11 72 f 9 
Average systolic blood pressure (mm Hg) 125 t 13 131 _t 15 
Average left ventricular ejection fraction (%) 53 + 12 51 t 16 
% with left ventricular ejection fraction ~40% 16 29 
% with 26 VPC/h 2s 33 
% with ventricular tachycardia 19 16 
Average baroreflex sensitivity (mslmm Hg) 8.1 + 5.5 7.7 + 4.9 
VPC = ventricular premature complexes. There were no significant 
differences between the two groups for any of the variables in this table. 
Results 
Patient characteristics (Table 1). The 32 study patients 
are younger (52 ? 10 years) and have better preservation of 
left ventricular function (ejection fraction 53 f 12%) than the 
usual sample of postinfarction patients, a finding attributable 
to the selection and exclusion criteria. There were no 
significant differences between the group studied within 2 
months of myocardial infarction and the group studied after 
1 year with respect to any of the variables listed in Table 1. 
There were no significant differences among the 32 patients 
randomly selected for this study and the 5 1 patients who had 
baroreflex sensitivity evaluated with a phenylephrine test 
but were not selected for this study. 
Correlations among Holter time and frequency domain 
measures of tonic vagal activity (Table 2, Fig. 1). The corre- 
lations among the percent of successive normal RR intervals 
>50 ms, the root mean square successive difference and the 
high frequency power of the normal RR interval power 
spectrum were all >0.90, indicating that these measures 
provide essentially equivalent information about high fre- 
quency heart period variability. The three Holter ECG 
measures of tonic vagal activity showed a weaker correlation 
Table 2. Correlations Among Baroreflex Sensitivity and Holter 
Electrocardiographic Measures of Heart Period Variability 
BRS SDRR 24 b HFP pRR50 MSSD 
BRS 1.00 
SDRR 0.62 1.00 
24 h HFP 0.63 0.55 1.00 
pRR50 0.58 0.55 0.94 1 .oo 
MSSD 0.57 0.56 0.94 0.97 1.00 
BRS = baroreflex sensitivity; HFP = high frequency power (0.15 to 0.40 
Hz); MSSD = root mean square successive difference; pRR50 = percent of 
consecutive normal RR interval differences >50 ms; SDRR = standard 
deviation of the normal RR intervals. 
0 10 20 30 40 
QQR50 
Figure 1. Correlation between the percent of successive normal RR 
intervals differing >50 ms (pRRS0) and the square root of the mean 
square successive difference (MSSD). 
(0.55 to 0.56) with the standard deviation of the normal RR 
intervals, a broad band measure of heart period variability 
previously shown to be associated with death after myocar- 
dial infarction independent of left ventricular dysfunction 
and ventricular arrhythmias. The correlation between the 
percent of successive normal RR intervals ~50 ms and root 
mean square successive difference (r = 0.97) (Fig. 1) was 
about the same as the correlation between these two mea- 
sures and the power in the high frequency band of the normal 
RR interval power spectrum (r = 0.94). The two time domain 
measures were calculated using every pair of consecutive 
normal RR intervals in the 24 h ECG recording, whereas 5 
min segments with excessive noise or repetitive atria1 or 
ventricular ectopic activity were excluded when calculating 
the high frequency power of the normal RR interval power 
spectrum. 
Correlation between baroreflex sensitivity and time or 
frequency domain Holter ECG measures of vagal activity 
(Table 2, Fig. 2). The baroreflex sensitivity in the phenyl- 
ephrine test measures the capacity of baroreflex activation to 
increase efferent vagal activity, whereas the three Holter 
ECG variables measure the ambient vagal tone. We ex- 
pected that there would be a significant relation between the 
two methods of assessing cardiac parasympathetic (vagal) 
activity, but were uncertain about the strength of the corre- 
lation. Figure 2 is a scatter plot of the baroreceptor slope 
values versus the percent of successive normal RR intervals 
>50 ms for the 32 patients in this study. The correlation 
between these two measures is significant (r = 0.58, p < 
O.Ol), but the strength of the correlation is moderate; only 
33% of the variance of the baroreflex slope is accounted for 
by the percent of successive normal RR intervals >50 ms. 
The correlations of the baroreflex slope with the root mean 
square successive difference (r = 0.57, p < 0.01) and with 
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Figure 2. Correlation between baroreflex sensitivity (BRS) in ms/ 
mm Hg computed from the phenylephrine test and the percent of 
differences between adjacent normal RR intervals differing >50 ms 
(pRR50). 
the high frequency power of the normal RR interval power 
spectrum (r = 0.63, p < 0.01) are almost identical. This 
similarity would be expected because of the strong two way 
correlations among the three Holter variables (Table 2). The 
correlation between baroreflex sensitivity and each of the 
three Holter variables remained statistically significant even 
after adjusting simultaneously for age, site of myocardial 
infarction, systolic blood pressure and heart rate. 
Day-night differences (Tables 3 and 4, Fig. 3). We hypoth- 
esized that the correlations between baroreflex slope and the 
three Holter ECG variables would be stronger at night than 
during the day. Table 3 shows that the average normal RR 
interval and the three Holter measures of tonic vagal activity 
had substantially greater values at night. Figure 3 plots 
baroreflex sensitivity and the percent of successive normal 
RR intervals >50 ms separately for day and night; as 
postulated, the correlation was substantially stronger at 
night than during the day. Table 4 shows the correlations 
among baroreflex slope and each of the three Holter varia- 
bles; in most instances, the correlation was greater at night 
than during the day. 
Table 4. Correlations Among Baroreflex Sensitivity, Heart Period 
Variability and Power Spectral Analysis Values During the Day 
and at Night 
BRS pRR50 MSSD HFP LFP/HFP 
Daytime (07:30 to 21:30) 
BRS 1.00 
Daytime pRR50 0.44 1.00 
Daytime MSSD 0.45 0.97 I .oo 
Daytime HFP 0.48 0.87 0.88 1.00 
Daytime LFPiHFP 0.03 -0.49 -0.50 0.30 1.00 
Nighttime (0O:OO to 0S:OO) 
BRS 1.00 
Nighttime pRRS0 0.63 1.00 
Nighttime MSSD 0.61 0.96 1 .oo 
Nighttime HFP 0.63 0.94 0.93 1 .oo 
Nighttime LFPiHFP 0.15 -0.11 -0.11 0.11 1.00 
HFP = high frequency power (0.15 to 0.40 Hz): LFP = low frequency 
power (0.04 to 0.15 Hz); other abbreviations as in Table 2. 
Site of infarction (Table 5). Because of previous experi- 
mental work (14), we postulated that baroreceptor reflexes 
often are blunted after myocardial infarction, possibly be- 
cause of increased activity on afferent sympathetic fibers 
from the heart (10,14). Another possible cause is a decrease 
in vagal afferent traffic. We thought that baroreflex sensitiv- 
ity and the three Holter ECG variables that measure tonic 
vagal activity would be greater in inferior infarction than 
anterior infarction because of their smaller size and the 
relative distribution of vagal and sympathetic sensory nerve 
endings. Table 5 shows that the average normal RR interval 
and the 24 h standard deviation of the normal RR intervals 
were similar in patients with anterior and inferior infarction. 
Contrary to our expectation, baroreflex sensitivity and all of 
the Holter measures of vagal tone were substantially higher 
in patients with anterior infarction. 
Discussion 
Baroreceptor slope versus Holter variables. The main 
result of this study was that the baroreceptor slope corre- 
lated positively and significantly with the percent of succes- 
Table 3. Day-Night Comparison of Halter Electrocardiographic Measures of Heart Period 
Variability in the Time and Frequency Domains 
Characteristic 24 h 
Average normal RR interval (ms) 856 * 87 
Standard deviation of the normal RR intervals (ms) 130 ? 33 
% of consecutive normal RR interval differences >50 ms II ?9 
Root mean successive difference (ms) square 32 ? 12 
High frequency power (ms2) 271 f 266 
Low frequency power/high frequency power 3.2 ? 1.9 
*p < 0.05 (paired sample I tests for the day-night differences). 
Day 
(07:30 to 21:30) 
793 + 81 
93 t 24 
928 
30 ? 10 
219 + 227 
3.9 k 2.4 
Night 
(0o:Oo to OYOO) 
979 k 124% 
85 ? 30 
13 2 13* 
36 2 16* 
345 + 373* 
2.8 + 1.6* 
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y = 5.23+ 0.31x R = 0.44 
. 
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Night 
y = 4.64 +0.27x R =0.63 
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. 
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Figure 3. Correlation between baroreflex sensitivity (BRS) in msi 
mm Hg and the percent of successive normal RR intervals differing 
>50 ms (pRR50) plotted separately for day and night. 
sive normal RR intervals >50 ms, the root mean square 
successive difference and the area under the high frequency 
band of the heart period power spectrum. However, the 
strength of this association was only moderate. Thus, Holter 
Table 5. Comparison of Baroreflex Sensitivity and Holter 
Electrocardiographic Measures of Heart Period Variability for 
Anterior and Inferior Infarction 
Characteristic 
Site of Infarction 
Anterior Inferior 
(n = 13) (n = 19) 
Average RR interval (ms) 869 ? 98 846 + 79 
Standard deviation of the RR intervals (ms) 131 + 26 128 2 36 
Baroreflex sensitivity (ms/mm Hg) 9.7 + 5.5 7.0 2 5.3 
% of consecutive RR differences >50 ms 15 + 11 7 + 5* 
Root mean square successive difference (ms) 38? 13 28 f a* 
High frequency power (ms*) 420 2 349 170 2 117* 
Low freauencv oowerlhiah freauencv power 2.3 + 0.4 3.9 + 2.2* 
*p < 0.05 (unpaired t tests). 
ECG measures of high frequency variability in normal RR 
intervals in the time and frequency domains have a substan- 
tial ability in predicting the baroreflex slope measured during 
a phenylephrine test, but the correlation is not so strong that 
slope and the Holter measures of heart period variability can 
be considered redundant. 
It is not too surprising that baroreflex slope and the 
Holter measures are not redundant, considering that the 
phenylephrine test may be viewed as a sort of “vagal stress 
test” at one time of day, whereas the Holter variables 
measure tonic vagal activity during the course of the 24 h 
ECG recording. Future studies need to evaluate the ability of 
baroreflex sensitivity or Holter variables to predict death, 
particularly sudden or arrhythmic death, after myocardial 
infarction. 
Holter variables are interchangeable. One of the second- 
ary hypotheses of this study was that there would be strong 
correlation among the percent of successive normal RR 
intervals >50 ms, the root mean square successive differ- 
ence and the high frequency power of the normal RR interval 
power spectrum. Indeed, we found strong correlations in 
both the daytime and the nighttime segments, as well as in 
the entire record. The correlations were strong enough that 
the time and frequency domain measures of vagal activity 
can be used interchangeably. We reported similar findings in 
a previous study (30). 
Day and night tonic vagal activity. We also postulated 
that baroreflex sensitivity determined by the phenylephrine 
method would correlate better with Holter ECG measures of 
tonic vagal activity at night than during the day because 
vagal tone is greater at night. This hypothesis was con- 
firmed. However, even the nighttime correlation between 
baroreflex sensitivity and Holter measures of tonic vagal 
activity was ~0.70, again suggesting that baroreceptor slope 
and Holter measures are not redundant measures of vagal 
activity. 
The low to high frequency power ratio has been proposed 
as a measure of vagosympathetic balance (26). It was of 
interest that the absolute power in the high frequency band 
(0.15 to 0.40 Hz)’ of the heart period power spectrum 
correlated much better with baroreflex sensitivity and the 
time domain Holter measures of vagal activity than with the 
ratio of low to high frequency power. Previous studies 
(31-33) suggest ambiguity and variability in the low fre- 
quency band of the heart period power spectrum. The low 
frequency band becomes more interpretable when studied 
under highly controlled conditions and when the system is 
perturbed by a change in posture or other interventions 
(26,33). During Holter recordings, activity and posture are 
uncontrolled, making interpretation of the low frequency 
band of the heart period power spectrum much more dif- 
ficult. 
Site of infarction. We proposed increased firing of af- 
ferent sympathetic nerves as an explanation for the decrease 
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in heart rate variability after myocardial infarction (10). Our 
hypothesis was partly based on the relative distribution of 
sympathetic and vagal cardiac mechanoreceptors, which 
seems to show a vagal predominance in the posteroinferior 
wall of the left ventricle and a sympathetic predominance in 
the anterior wall (34). We reasoned that anterior myocardial 
infarction would cause greater left ventricular dysfunction, 
thereby activating mechanoreceptors in the anterior wall of 
the left ventricle, which in turn would increase the traffic in 
afferent sympathetic fibers (35). There is experimental evi- 
dence (36) that an increase in cardiac afferent sympathetic 
activity causes a decrease in efferent parasympathetic nerve 
traffic to the heart and interferes with the baroreflex control 
of heart rate. 
We found the opposite of our expectation (that is, the 
baroreflex sensitivity and the Holter ECG measures of tonic 
vagal activity had lower values in patients with inferior 
myocardial infarction). The Holter findings support the 
previous observation (11) that baroreflex sensitivity in pa- 
tients with an anterior infarction is significantly higher than 
that in patients with an inferior infarction. These findings 
suggest that inferior myocardial infarction damages the vagal 
innervation of the posterior wall of the heart, decreases 
afferent traffic on the vagus nerves and thereby decreases the 
efferent component of the baroreceptor reflex. The neural 
effect of inferior infarction seems to be relatively more 
important than activation of afferent sympathetic fibers by a 
larger anterior infarction (36,37). The subendocardial loca- 
tion of vagal nerve endings may make them more susceptible 
to damage during myocardial infarction. This hypothesis is 
consistent with the observation (11) that baroreflex sensitiv- 
ity and tonic vagal activity in patients with anterior infarc- 
tion is significantly higher than that in patients with an 
inferior infarction. 
Implications. The results of this study have several prac- 
tical implications. The very high correlations (>0.90) among 
Holter ECG measures of high frequency heart period vari- 
ability in the time or frequency domain indicate that these 
measures can be used interchangeably. The intermediate 
degree of correlation (0.40 to 0.60) between these Holter 
measures of high frequency heart period variability and 
baroreflex sensitivity indicates that these techniques are not 
redundant (that is, results from one do not accurately predict 
the results of the other). Therefore, it is not yet possible to 
determine whether these two approaches have the same or a 
different predictive power for sudden cardiac death after 
myocardial infarction. Also, neither baroreflex sensitivity 
nor Holter measures of tonic vagal activity correlated very 
strongly with the standard deviation of RR intervals for a 
24 h period, the only measure of heart period variability that 
has been shown convincingly to predict death. However, a 
preliminary study (11) with 78 subjects and six deaths did 
suggest that baroreflex sensitivity may be able to predict 
death. It will be necessary to screen a larger group of 
patients with both techniques to prospectively assess the 
relative sensitivity and specificity of these two recently 
described methods that link autonomic and cardiac patho- 
physiology with clinical risk stratification. 
We acknowledge Michael Fosina and Bernard Glembocki for their expert 
technical assistance in Holter analysis, and June Ellison for her able assis- 
tance in preparing the manuscript. 
I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
References 
Moss AJ, Davis HT, De Camilla J, Bayer LW. Ventricular ectopic beats 
and their relationship to sudden and nonsudden cardiac death after 
myocardial infarction. Circulation 1979;60:998-1003, 
The Multicenter Post-Infarction Research Group. Risk stratification and 
survival after myocardial infarction. N Engl J Med 1983;309:331-6. 
Bigger JT Jr, Fleiss JL, Kleiger R, Miller JP, Rolnitzky LM and the 
Multicenter Post-Infarction Research Group. The relationship among 
ventricular arrhythmias, left ventricular dysfunction and mortality in the 
2 years after myocardial infarction. Circulation 1984;69:250-8. 
Lown B. Sudden cardiac death: the major challenge confronting contem- 
porary cardiology. Am J Cardiol 1979;43:313-28. 
Schwartz PJ. Brown AM, Malliani A, Zanchetti A, eds. Neural Mecha- 
nisms in Cardiac Arrhythmias. New York: Raven, 1978:75-107. 
Schwartz PJ, Stone HL. The role of the autonomic nervous system in 
sudden coronary death. Ann NY Acad Sci 1982;382:162-80. 
Corr PB, Yamada KA, Witkowski FX. Mechanisms controlling cardiac 
autonomic function and their relation to arrhythmogenesis. In: Fozzard 
HA, Haber E, Jenning RB, Katz AM, eds. The Heart and Cardiovascular 
System. New York: Raven, 1986:1343-404. 
Schwartz PJ. Stone HL. The analysis and modulation of autonomic 
reflexes in the prediction and prevention of sudden death. In: Zipes DP, 
Jalife J, eds. Cardiac Electrophysiology and Arrhythmias, Orlando, 
Florida: Grune & Stratton, 1985;167-76. 
Kleiger RE, Miller JP, Bigger JT Jr, Moss AJ, and the Multicenter 
Postinfarction Research Group. Decreased heart rate variability and its 
association with increased mortality after acute myocardial infarction. 
Am J Cardiol 1987;59:256-62. 
Bigger JT Jr, Kleiger RE. Fleiss JL, Rolnitzky LM, Steinman RC, Miller 
JP. and the Multicenter Post-Infarction Research Group. Components of 
heart rate variability measured during healing of acute myocardial infarc- 
tion Am J Cardiol 1988;61:208-15. 
La Rovere MT, Specchia G, Mortara A, Schwartz PJ. Baroreflex sensi- 
tivity, clinical correlates and cardiovascular mortality among patients 
with a first myocardial infarction: a prospective study. Circulation 1988; 
78:816-24. 
Billman GE, Schwartz PJ, Stone HL. Baroreceptor reflex control of heart 
rate: a predictor of sudden cardiac death. Circulation 1982;66:874-80. 
Schwartz PJ, Billman GE, Stone HL. Autonomic mechanisms in ventric- 
ular fibrillation induced by myocardial ischemia during exercise in dogs 
with healed myocardial infarction: an experimental preparation for sud- 
den cardiac death. Circulation 1984;69:7%-800. 
Schwartz PJ, Vanoli E, Stramba-Badiale M, De Ferrari GM, Billman GE, 
Foreman RD. Autonomic mechanisms and sudden death: new insights 
from the analysis of baroreceptors reflexes in conscious dogs with and 
without a myocardial infarction. Circulation 1988;78:%9-79. 
Smyth HS, Sleight P, Pickering GW. Reflex regulation of arterial pressure 
during sleep in man: a quantitative method of assessing baroreflex 
sensitivity. Circ Res 1%9:24:109-21. 
LaRovere MT, Bigger JT Jr, Fleiss JL, Rolnitzky LM, Steinman RC, 
Schwartz PJ. Markers of parasympathetic activity in post-myocardial 
infarction patients (abstr). Eur Heart J 1988:9(suppl 1183. 
1518 BIGGER ET AL. 
BAROREFLEX SENSITIVITY AND HEART PERIOD VARIABILITY 
JACC Vol. 14, No. 6 
November 15, 1989:1511-8 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
2s. 
26. 
27. 
Ewing DJ, Hume L, Campbell IW, Murray A, Neilson JMM, Clarke BF. 28. Kleinbaum DG, Kupper LL, Muller KE. Applied Regression Analysis 
Autonomic mechanisms in the initial heart rate response to standing. J and Other Multivariable Methods, 2nd ed. Boston: PWS-KENT Publish- 
Appl Physiol 1980;49:809-14. ing, 1988:92-3. 
Ewing DJ, Neilson JMM, Travis P. New method for assessing cardiac 
parasympathetic activity using 24-hour electrocardiograms. Br Heart J 
1984;52:396-402. 
29. Cohen J. Statistical Power Analysis for Behavioral Sciences. New York: 
Academic Press, 1969:89. 
Bennett T, Farquhar IK, Hosking DJ, Hampton JR. Assessment of 
methods for estimating autonomic nervous control of the heart in patients 
with diabetes mellitus. Diabetes 1978;27: 1167-74. 
30. Bigger JT, Albrecht P, Steinman RC, Rolnitzky LM, Fleiss JL, Cohen RJ. 
Comparison of time- and frequency domain-based measures of cardiac 
parasympathetic activity in Holter recordings after myocardial infarction. 
Am J Cardiol 1989;61:536-8. 
Bennett T, Wilcox RG, Hampton JR. Cardiovascular reflexes in patients 
after myocardial infarction: effect of long-term treatment with beta 
adrenoceptor antagonists. Br Heart J 1980;44:265-70. 
Jennett S, Lamb JF, Travis P. Sudden large and periodic changes in heart 
rate in healthy young men after short periods of exercise. Br Med J 
1982;285:1154-6. 
31. Akselrod S, Gordon D, Ubel FA, Shannon DC, Barger AC, Cohen RJ. 
Power spectrum analysis of heart rate fluctuation: a quantitative probe of 
beat-to-beat cardiovascular control. Science 1981;213:220-3. 
32. Myers GA, Martin GJ, Magid NM, et al. Power spectral analysis of heart 
rate variability in sudden cardiac death: comparison to other methods. 
IEEE Trans Biomed Eng 1986;33: 1149-56. 
Von Neumann J, Kent RH, Bellinson HR, Hart BI. The mean square 
successive difference. Ann Math Stat 1941;12:153-62. 
Berger RD, Akselrod S, Gordon D, Cohen RJ. An efficient algorithm for 
spectral analysis of heart rate variability. IEEE Trans Biomed Eng 
1986;9:900-4. 
33. Pomeranz B, Macaulay RIB, Caudill MA, et al. Assessment of autonomic 
function in humans by heart rate spectral analysis. Am J Physiol 1985; 
248:H151-3. 
Saul JP, Arai Y, Berger RD, Lilly LS, Coluci WS, Cohen RJ. Assessment 
of autonomic regulation in chronic congestive heart failure by heart rate 
spectral analysis. Am J Cardiol 1988;61:1292-9. 
Kay SM, Marple SL. Spectrum analysis-a modern perspective. Proc 
IEEE 1981;69:1380-419. 
34. Thames MD, Klopfenstein HS, Abboud FM, Mark AL, Walker JL. 
Preferential distribution of inhibitory cardiac receptors with vagal atTer- 
ents to the inferoposterior wall of the left ventricle activated during 
coronary occlusion in the dog. Circ Res 1978;43:512-9. 
35. Malliani A, Recordati G, Schwartz PJ. Nervous activity of afferent 
cardiac sympathetic fibers with atria1 and ventricular endings. J Physiol 
1973;229:457-69. 
Pagani M, Lombardi F, Guzzetti S, et al. Power spectral analysis of heart 
rate and arterial pressure variabilities as a marker of sympatho-vagal 
interaction in man and conscious dog. Circ Res 1986;59: 178-93. 
Snedecor GW, Cochran WG. Statistical Methods, 7th ed. Ames, Iowa: 
Iowa State University Press, 1980: 175, 185-187, 334. 
36. Schwartz PJ, Pagani M, Lombardi F, Malliani A, Brown AM. A cardio- 
cardiac sympathovagal reflex in the cat. Circ Res 1973;32:215-20. 
37. Barber MJ, Mueller TM, Davies BG, Gill RM, Zipes DP. Interruption of 
sympathetic and vagal-mediated afferent responses by tranmural myocar- 
dial infarction. Circulation 1985;72:623-31. 
